The present numerical study is to analyze the mixed convection flow in a rectangular porous lid-driven enclosure in the presence of internal heat generation with non-uniform heating. The enclosure has sinusoidal temperature distribution on vertical walls and the top, bottom walls are thermally insulated. The governing equations and boundary conditions are solved numerically by the FVM method with power-law scheme using SIMPLE algorithm technique. The effects of flow governing parameters are analyzed for wide ranges of Richardson number Ri (0.01, 1, 100), Darcy number Da (,10 -1 ,10 -2 ,10 -3 ), heat generation parameter S(0,1,2,5,10), amplitude ratio a(0,1,2), phase deviation (0,/4,/2,3/4,). A group of representative diagrams are presented in the forms of streamlines, isotherms, average Nusselt number, velocities and they are discussed to expound the effects of the physical parameters in the solution.
Introduction
A combined forced-free convection is generally consigned as mixed convection. Mixed convection, one of the transport phenomena, is the composition of both natural and forced convection under such situation both the pressure forces and buoyant forces interact, this kind of flow patterns are exposed in lid-driven enclosures. Applications of mixed convection can be established in nuclear reactor technology and some aspects of electronic cooling when the power of forced convection itself is not enough to dissolve all the necessary heat in very-high-power-output devices. At this point, combined natural convection with forced convection study is a subject of most common interest by some authors like Arpaci and Larsen (1984) , Iwatsu et at. (1993) . The fluid flow and heat transfer by the combined effects of the mechanically driven lid and the buoyancy force within rectangular enclosure were considered by Waheed (2009) . The flow and temperature distributions are augmented for the elevating Richardson number. Chamkha (2002) presented the problem of combined convection flow and heat transfer of an electrically conducting and heat generating or absorbing fluid in an enclosure with the presence of magnetic field. The presence of internal heat generation effects was found to decrease the average Nusselt number significantly for aiding flow and to increase it for opposing flow. Cheng (2011) studied to examine systematically the characteristics of flow and heat transfer in a lid-driven enclosure when both Grashof number and Reynolds number are increased simultaneously. They observed the average Nusselt number enhances for Ri<0.5, the result contradicts for the case Ri0.5. Aydin (1999) focused on the interaction of the forced convection in a shear and buoyancy driven enclosure with top and bottom adiabatic walls. Research in mixed convection with more than one moving wall in an enclosure has been made by Kuhlmann et al. (1997) , Oztop and Dagtetin (2004) .
The non-uniform temperature distributions on the enclosure walls are taking the great attention in the past few years due to its application over the fields such as solar energy collection, indoor thermal environments. A more complicated natural convection in an enclosure with two sinusoidal temperature profiles on the side walls was first investigated by Deng and Chang (2008) and later by Abbasian Arani et al. (2012) . Their result shows that the heat transfer with two sinusoidal temperature distributions on the side walls is superior to that with single sinusoidal temperature profile on one side wall. Basak et al. (2009) investigated that to study the effect of uniform and non-uniform heating of the bottom wall on the flow and heat transfer characteristics due to the lid-driven mixed convection flows within a square enclosure. Unsteady laminar natural convection in an enclosure with partially thermally active side walls and internal heat generation is premeditated numerically by Kandasamy and Nithyadevi (2008) . They observed that the heat transfer rate increases with increasing Grashof number due to an increase in heat generation. Daniel (2015) examined the detailed discussion of heat generation or absorption on the boundary layer flow of the nanofluid over a porous stretching sheet. Unsteady laminar natural convection in an open enclosure with non-uniform heating bottom wall using magnetic field is premeditated numerically by Nagarajan et al. (2015) and they showed that the heat transfer rate augments for the increasing the length of heat source.
Over the past few decade the flow and heat transfer through the porous medium has drawn the large interest due to the essential application in many areas of engineering, technology and industries such as geothermal energy system, drying porous solids, storage of nuclear waste etc (Abdul Malaque 2016). Lai and Kalacki (1991) are worked on flow in porous media and discussed on Darcian and non-Darcian effects. Numerical results for mixed convection heat transfer of a heat generating fluid in a lid driven enclosure filled with uniform porous medium are discussed by Khanafer and Chamkha (1999) . They concluded that the heat transfer mechanism and flow characteristics inside the enclosure are strongly depend on the Richardson number. Moreover, significant suppression of the convective currents was obtained by the presence of a porous medium.
From the review of the above literatures shows that the present configuration model is have not been investigated. This formation finds practical application in the cooling of an extruded plate in a hot rolling process and used as a base line data in the designing system for this kind of model. The motivation of this present numerical study is:
 To analyze the temperature distribution in the enclosure due to the non-uniformity caused by sinusoidal temperature variation in the left and right boundary walls.  To examine the mixed convection flow in a two-sided lid driven enclosure by considering the Darcy-Forchheimer model with the neglecting Forchheimer inertia term.  To find the effects of Richardson number, Darcy number and the heat generating parameter on mixed convection flow inside the enclosure is filled with fluid saturated porous medium.
Mathematical Model
Consider two dimensional, unsteady, laminar mixed convective flow in a rectangular enclosure of width L and height H (=2L). The vertical walls of the enclosure are maintained at sinusoidal temperature distribution. The top surface of the enclosure is moving from left to right at constant speed U0, while the bottom surface is moving from right to left at constant speed -U0, which are thermally insulated. The study domain being considered as consists of an incessantly moving flat plate at the centre of the enclosure that appears from a slot at a consistent velocity U0 and at temperature h. The moving plate divides the rectangular enclosure into two equal bisects. Hence the geometry idealized to consist of two separate square enclosures. The enclosure is filled with fluid saturated porous medium of uniform porosity and permeability, isotropic which generates heat at a uniform rate. In porous medium, the Local Thermal Equilibrium (LTE) property is applicable. In momentum equations, a velocity square term is neglected in the present study since the problem is treated with the mixed convection flow in an enclosure filled with a saturated porous medium. The system is treated with Boussinesq approximation, also the internal heat generation is considered, but the viscous dissipation and the heat transfer by radiation effects are negligible in this investigation. Under the above considerations, the non-dimensional governing equations of mass, momentum and energy of the systems are 
The appropriate initial and boundary conditions are given as, 
Method of Solution
In the present investigation, the governing equations are discretized by using finite volume method. The SIMPLE algorithm is used to couple the pressure and velocity using under-relaxation technique of Patankar (2004) . The Power-law scheme is employed to minimize the numerical diffusion for the convective terms for both the momentum and energy equation. An iterative process is utilized to find the velocity fields, stream function and temperature fields. The process is continued awaiting the following convergence norm is achieved. The time step is taken to 10 -5 for all computations. Uniform grid size 8181 is taken to acquire the great accuracy in a numerical solution. The validation of present code is done with some graphical results of Khanafer and Chamkha (1999) in FIGURE 1b. and the computed average Nusselt number values (Table 1) , the values of minimum and maximum velocity components of the flow field (Table  2 ) are compared with Waheed (2009), Khanafer and Chamkha (1999) and Iwatsu (1993) . A fine degree of precision can be found between the present and previously published work.
Results and Discussion
In this section, the numerical results for mixed convective heat transfer of an uniformly moving lid driven enclosure filled with fluid saturated porous medium is considered. Also sinusoidal heating number. In the beginning, absence of Darcy effect (Da=) pointing that the existence of dual cell pattern with clock wise and anti-clock wise rotation at the lower and upper half of the enclosure for case A and the strength of the anti-circulating cells are dominated. Single cell pattern categorized the flow field which completes entire domain of the enclosure B. Also the intensity of these circulations are seems to be very weak for both the enclosures. When the effect of Darcy number starts to present within the enclosure, the buoyancy decreases which implies the reduced flow rate for clockwise circulation and it raised for the anticlockwise circulations. The circular core region is elongated owing to the drag force at top and bottom wall for both the enclosures (A & B) and particularly the centre of the core cells are divided for the enclosure B. Moreover, all the elongated core cells are gathers towards the moving lids of both the enclosures. It is related with the reason of reducing the permeability of the porous medium, controls the rate of fluid flow through porous medium. The absence of Darcy effect results the convection dominated mode of heat transfer within the enclosure. Further, the thermal fields are distributed from the vertical walls of the enclosures and the convection mode loses its importance as Darcy effect decreases. Also the temperature contours are begins to penetrate at the middle of the enclosure A and finally at Da=10 -3 it distributed uniformly throughout the entire zone for both the enclosures (A&B), which indicates the characteristics of pure conduction. , the basic flow structure has the symmetric dual cells and single cell rolls are formed by the dominated shear force within the enclosures. In addition, the distributions of thermal lines resembling the dominated convection mode of heat transfer at low Ri. Anti-clock wise cells are suppresses the clockwise circulations for the enclosure A and the cores of the negative circulating are starts to split in the enclosure B due to the balancing buoyancy and shear force at the mixed convection regime Ri=1. As shown from the figures the horizontally elongated dual cells are deformed its state as vertically extended in the natural convection regime Ri=100. Moreover, the intensity of the anti-clock wise circulating cells are found to dominates the remaining cells. This is due to the inertia effect on the flow produces by the lid velocity near the upper and lower boundary of the enclosure. The inertia effect creates the drag force causes some fluid is heaves towards the top left and bottom right corners for case A enclosure. For case B, the secondary cell with positive circulation exists, situated near the top left of the enclosure and the fluid is pulled upwards by the drag force created at top wall which is moving from left to right but this is not the case for bottom wall, owing it moves from right to left. The effects of Richardson number in temperature fields shows that the conduction dominant regime at large Ri=100 and the small Richardson number produces the less buoyancy effect which leads the small zone of stratification in the domain, develops the strong boundary layer near the heating walls of the enclosures. Also the high heat To expose the effect of phase deviation changes from 0 to  is displayed in terms of shear driven flow and heat transfer attributes at Da=0.01, Ri=1, a=1, S=2 in Figure 4 . By the imposed sinusoidal boundary conditions on the side walls, the variation sequence of phase deviation is presented at the right wall of the enclosure, while left wall is fixed with constant temperature, the distribution of thermal line variations are found to be maximum at the right side of the enclosure. In addition to the above cases to measure the strength of the flow within the enclosures, the bidirectional velocity profiles are designed at mid-section of the two different enclosures A & B for various  in Figure 7 at a=1, S=2, Da=0.01, Ri=1. A sinusoidal type of performance is experiential for the distribution of vertical velocity profile, which is irregular for various parameters of phase deviation, meanwhile it is interesting to mention that the fluid particle moves with the greater
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velocity by =0 for the enclosure B due to having the same temperature distributions from bottom to top at both the left and right walls. Further scrutinizing the curves, the effect of phase deviation declines the flow velocity in the X & Y velocity distribution for the combined buoyancy and forced convection regime. It should be highlighted that, the velocity strength of the top wall heating enclosure is found to be more than the bottom heating enclosure B. Also, there is no much differences found in the velocities when changing the phase deviation values in Y-velocity distribution for both the enclosures A & B.
Conclusion
Methodical numerical simulations of two-dimensional combined free-forced convection of a heat generating fluid in a lid driven porous enclosure with the non-uniform heating sidewalls are performed to characterize the flow and heat transfer behaviours are reported in this study.
Investigations are carried out with two different study model, i) Enclosure A -driven by heated bottom wall and insulated top wall, ii) Enclosure B -driven by heated top wall and reversal driven thermally inactive bottom wall. Hence the summarised conclusions are  Fluid velocity and heat transfer characteristics are mainly pretentious by the flow controlling parameters Ri, Da, .
 The effects of phase deviation and amplitude are mostly found at right side of the enclosures and it is small on the left side wall due to the position of the parameters , a in the sinusoidal temperature distribution.  The presence of porous medium grades, the significant revelation of conduction mode of heat transfer.  The heat transfer rate increases upon the increment of Darcy number Da and with the decrement of heat generation parameter S.
